0.0333% and 0.0666%) and a mean particle size of 30nm which was kept constant as the working fluid. They found that using CeO 2 nanofluid enhanced the efficiency compared to water. Kutlu et al. [3] investigated evacuated flat plate collector integrated with organic Rankine cycle. Their work focused on the system performance simulation for electrical production as well as water heating under different weather conditions. Verma et al. [4] conducted an experimental study using a variety of nanofluids to improve the performance of a FPSC in respect of energy and exergy efficiency by varying the mass flow rate. They found that for an optimum particle VF of 0.75% and mass flow rate of 0.025kg/s, the maximum exergetic efficiency is observed in multiwall carbon nanotubes (MWCNTs), Graphene, Cu, Al2O3, TiO 2 and SiO 2 respectively. They concluded that the collector can be more frugal and efficient by reducing the collector surface area by about 19.11% as well as the use of MWCNTs nanofluid as the working fluid. In another work, Verma et al. [5] used MgO nanofluid as a working fluid. They showed that the thermal efficiency will be improved by 9.34% for 0.75% particle volume concentration. Sharafeldin [6] conducted an experiment to investigate the effect of using WO 3 on the thermal efficiency of a FPSC which operates under the weather condition of Budapest, Hungary. They found that usage of WO 3 nanofluid alleviates the thermal efficiency of the collector. Said et al. [7] used a controlled pH treated Al 2 O 3
A B S T R A C T
I n this work, a numerical study has been performed to investigate the performance of a Flat plate solar collector (FPSC) using five different nanofluids including Al 2 O 3 , CeO 2 , Cu, SiO 2 , and TiO 2 as the working fluid with a volume fraction (VF) range of 0-2% and mass flow rate of 0.02kg/s. A computer program written in MATLAB is developed and the equations are solved in an iterative approach to obtain the output temperature. The model is validated through a comparison with an experimental data that is taken from the literature and a good agreement is obtained. A parametric study is done to investigate the effects of VF's on the performance of the collector. The analyses have been conducted for the city of Aydın in Turkey. The results show that for VF of 2%, the maximum efficiency augmentation is observed in SiO 2 nanofluid by 10%.
ids would offer a better performance more than the others. This motivated the authors to investigate the performance of the collector using various nanofluids such as Aluminum oxide (Al 2 O 3 ), Cerium oxide (CeO 2 ), Copper (Cu), Silicon oxide (SiO 2 ) and Titanium oxide (TiO 2 ) for various VF and mass flow rate. In addition, Entropy analysis is implemented to improve the performance of the system.
MATERIALS AND METHODS

Description Of The Problem
The FPSC system that is examined in this work is given in Fig. 1 . When solar energy with intensity Iincident drop on the outer layer of FPSC, part of it transmitted through the glazing and strikes the absorber plate. While the remaining part is dissipated to the surrounding as a heat loss. The tubes that are connected to the absorber, will be used to heat the working fluid as it passes inside the tubes. A pump is used to circulate the HTF inside the system. The general specifications of the collector are taken from [16, 17] and are summarized in Table 1 . The analysis is done based on weather data for Aydın, Turkey.
The following assumptions are made for the analysis: • A steady state system. •
The thermo-physical properties of the working fluids are constant.
• The inlet temperature is constant and assumed to be T amb +5 K.
• The guess temperature is assumed to be T guess =T in +10 K.
• The Fluid flow inside the pipe is uniform.
nanofluid as the working fluid to study its effects on the energetic and exegetic efficiencies of a FPSC. An experiment was conducted and the results showed that for an optimum flow rate of 1.5kg/min and VF of 3%, the energetic efficiency increased by 83.5% whereas the exegetic was enhanced by 20.3% for a VF of 1% and flow rate 1kg/min when compared with water. In another work, Said et al. [8] studied the thermophysical properties of Al 2 O 3 nanofluid and its effect on the performance of a FPSC. They conducted an experiment to investigate the influence of density and viscosity on the pumping power using ethylene glycol/water and the Al 2 O 3 . The result obtained showed that Al 2 O 3 is preferred against sedimentation and agglomeration and that both their thermal conductivities increases with an increase in concentration. Yousefi et al. [9] performed an experiment to study the effect of using MWCNT and Triton X-100 as the surfactant. They found that for a VF of 2% without surfactant the efficiency decreases whereas, with a surfactant, it increases. Sabiha et al. [10] used single-walled carbon nanotube (SWCNT) to determine its effect on the thermal efficiency of an evacuated tube collector. They showed that the efficiency improved using the nanofluid in place of water as the working fluid. Hawwash et al. [11] developed a model by using ANSYS software to test the performance of FPSC using double distilled water (DDW) as well as Al 2 O 3 nanofluid at different VF. They showed that the use of Al 2 O 3 nanofluid enhances the efficiency compared to DDW by about 3-18% at both small and high temperature differences. Said et al. [12] used TiO 2 and Polyethylene Glycol (PEG) dispersant. Their results showed that for a constant mass flow rate of 0.5kg/min, both the energetic and exegetic efficiencies increased by 76.6% and 16.9% respectively. Qinbo et al. [13] used Cu nanofluid to investigate the effects of working parameters such as temperature, heat gain, frictional resistance and thermal conductivity of the nanofluid on the efficiency of a FPSC. Their results show that for a constant flow rate of 140L/h, VF of 0.1% and particle size of 25nm, the thermal conductivity was enhanced as well as the efficiency by 23.83%. Mahian et al. [14] applied first and second law analysis to examine the efficiency of FPSC connected to minichannel using various nanofluids.
The integration of solar collection with a system is an area that recently received great attention. Bellos and Tzivanidis [15] applied multi objective optimization for FPSC integrated with an absorption chiller driven. They used Cu nanofluid as the working fluid and pure water. Their work indicated that utilizing the nanofluid improved the thermal efficiency up to 2.5%.
The use of nanofluid as the working fluid instead of water to improve the performance of the collector is gaining more attention. Different nanofluids have been studied by many researchers but few investigate which of the nanoflu- The performance of a collector is expressed by applying an energy balance on FPSC. There are basically two types of losses that occur in a FPSC which are optical and thermal. The optical loss is shown as I T (τα ), where ( τα ) is the optical efficiency depending on the properties of the materials whereas the thermal loss is further divided into three i.e. top loss, bottom loss and edge loss [18] .
The Overall heat loss UL is the summation of the top, back and edge losses
Here, Ut can be evaluated as follows [18] . 
The natural heat transfer coefficient caused by wind is given as [18] 
The back and edge heat losses can also be determined as [18] 
Where k e and k b are thermal conductivities of the back and edge insulation respectively, A e is the edge surface area, t e and t b are the thickness of edge and back insulations respectively.
The useful energy output can a be written as [18] 
FR denote the heat removal factor and expressed in Eq. (7) [18] .
Where F' is collector efficiency factor defined as
Where F is the f in efficiency defined as
HEAT TRANSFER IN FPSC
For water as the working fluid, the Gnielinski Correlation [19] is used to calculate the Nusselt number.
( )
2 3
Re 1000 Pr 8 1 12.7
Pr 1 8
The Internal heat transfer coefficient is expressed in term of Nusselt number as
For nanofluid as the working fluid, Xuan and Li correlation [20, 21] 
If turbulent flow (R enf ≥ 4000). 
Where R e , Pr stands for Reynolds and Prandtl numbers respectively and are given below. 
The correlation used to evaluate the k of nanofluids is adapted from [22] .
Brinkman [23] suggested an equation to compute the viscosity of the nanofluid as ( )
The nanofluid density and specific heat are evaluated by using Pak and Cho [24] correlation.
In this study, five different nanofluids which include aluminium oxide (Al 2 O 3 ), cerium oxide (CeO 2 ), copper (Cu), silicon oxide (SiO 2 ) and titanium oxide (TiO 2 ) are used. The thermo-physical properties of the working fluids are listed in Table2.
A computer program written in MATLAB is used to get the outlet temperature. A moderate value for T abs must be assumed as an initial guess through which U L , F R as well as Q u are obtained. The T abs is calculated by using Eq. (21) and the guessed value is corrected by an iterative approach [18] . 
The outlet temperature is obtained as follow [18] 
The thermal efficiency can be expressed as [25] . 
The total entropy generation [26] .
Where, 
Pressure Drops
The pressure drop for the FPSC is calculated as follow 
where, h L represents the total head loss which consist of two parts major and minor losses, is given as follow [28] . 
The term f given in Eq. (29) represent the frictional factor which can be evaluated by using Goudar-Sonnad correlation [29] . The reason behind using this correlation is that, it is non-iterative and more accurate [30] .
RESULTS AND DISCUSSION
A numerical model has been conducted to investigate the impact of various type nanofluids on the performance of FPSC. In addition, energy analysis is done and the pressure drop is evaluated for different values of mass flow rate and solar radiation. In order to validate the numerical model of this work, the result are compared with experimental data obtained by [15] . The numerical model is observed to be in good agreement with the published work from [15] which make the works reliable as shown in Fig. 2 .
Throughout the solution, the solar load is selected as 562 W/m 2 [31] . Also, wind velocity is taken as 2 m/s [32] , Tamb=308 K [32] and kg/s with the use of the collector spe-cification that is mentioned in Table 1 . Fig. 3 shows the impact of particle VF increase and its influence on the heat transfer performance. In this figure, for Cu nanofluids with 0% VF, the value of Nu=11.7605 and h fi =570.9 W/m 2 . K based on Eq. (13) and Eq. (14) . While for water the value of Nu=14.0159 and h fi =680.3897 W/m 2 . K. by using Eq. (11) and Eq. (12) respectively. Since the convective heat transfer coefficient is proportional to both Nu and thermal conductivity, the it is improved as the VF increases. A maximum increase is observed at VF of 2% in Al 2 O 3 . This is obvious, because during particle loading, both the k and μ of the base fluid are augmented. However, the rise in thermal conductivity results to better heat transfer performance whilst increase in viscosity results to development in boundary layer thickness. For the VFs used, the effect of thermal enhancement is higher than that of viscosity. Therefore, the heat transfer increases.
The variation of outlet temperature with VF is shown in Fig. 4 . In this figure, at a given value of volume fraction Cu nanofluid provides the maximum outlet temperature whereas SiO 2 nanofluid shows the smallest value. Based on Eq. (23), the outlet temperature is inversely proportional to the heat capacity. By definition, specific heat is the heat required to raise the temperature of a unit mass of a substance by one unit of temperature i.e. the smaller the heat capacity the higher the outlet temperature. Other factors such as density and thermal conductivity also determines higher outlet temperature. Al 2 O 3 shows higher outlet temperature than SiO 2 despite having less heat capacity. The reason is, for a constant mass flow rate, a nanofluid with higher density results to lower velocity which makes it easier to absorb higher thermal energy. Moreover, Al 2 O 3 having higher thermal conductivity. The maximum outlet temperature is observed on Cu, CeO 2 , TiO 2 , Al 2 O 3 and SiO 2 respectively for VF of 2%. However, the maximum outlet temperature is 55.32 ˚C at 2% VF of Cu. Fig. 5 depicts the change of thermal efficiency with VF. In this figure, the opposite trend to the outlet temperature with SiO 2 nanofluid providing the highest efficiency whereas Cu nanofluid the smallest. This happened because among all the nanofluids, Cu provides the highest absorber plate temperature and the absorbed energy will be minimized. Therefore, the efficiency reduced. Moreover, the thermal efficiency is a function of VF to a certain limit. The maximum efficiency improvement is "between" 0.75% to 2% for all the working fluids. Besides, the maximum efficiency is observed in SiO 2 by 10%.
To develop an efficient thermal system, entropy generation analysis will play a vital role. Fig. 6 describes the influence of VF on entropy generation. At a given condition, the total entropy generation is diminished by using nanofluid with water. This is because; addition of nanoparticles increases the transfer of heat efficiently due to the augmentation in the value of k for nanofluids. Thus, the irreversibility generated in the system is depressed. The maximum drop in entropy generation is observed in Cu, followed by CeO 2 , then TiO 2 , Al 2 O 3 and lastly SiO 2 . Fig. 7 illustrates the variation of pressure drop against the VF for different nanofluids. In this figure, the supplementation of nanoparticles into the water improves its viscosity which results to increase in the frictional factor. It can be seen that at VF=2 for Cu nanofluid the pressure drop is 19559 Pa while for SiO 2 nanofluid is 17315 Pa. As a result, the pressure drop rises with the increasing concentration.
In Figs. 8-10 different values of mass flow rate such as 0.01, 0.02 and 0.03 kg/s are selected to examine its effect on outlet temperature, thermal efficiency and pressure drop correspondingly. the solar radiation and the volume fraction for nanofluids are taken as 562 W/m 2 and 1.25 respectively. Fig. 8 exhibits the distributions of outlet temperature for various mass flow rates for different nanofluids. The highest outlet temperature occurs in lowest mass flow rate.
In Fig. 9 , on the other hand the variation of thermal efficiency is given for different mass flow rate. At maximum value of mass flow rate leads to higher thermal efficiency rates. This because, as the mass flow rate increase the useful energy output will be increased based on equation (6) . Therefore, higher thermal efficiency will be obtained according to Eq. (24). Fig. 10 illustrates the pressure drop for the various nanofluid for different mass flow rate. Increasing the mass flow rate leads to an increase in pressure drop due to direct proportion of pressure drop with fluid velocity (Equation 28 ). In addition, the nanofluid exhibiting the highest-pressure drop is copper (Cu).
The effect of solar radiation on the performance of solar collector and pressure drop is analysed. To perform these analyses, cerium oxide (CeO 2 ) is selected. the mass flow rate for the HTF and the VF for nanofluids are taken as 0.02 kg/s and 1.25 respectively. In addition, three different solar loads (500 W/m 2 , 650 W/m 2 , 800 W/m 2 ) are selected. Fig. 11 illustrates the variation of outlet temperature for different solar radiation for different nanofluid. As can be seen in Fig.  11 , the highest solar radiation results in higher outlet temperature. Fig. 12 shows the distribution of thermal efficiency for various solar radiation for different nanofluid. As can be seen in Fig. 12 , the highest solar radiation lead to an increase in thermal efficiency because of the increase in useful energy output according to Equation (6) . Increasing the solar radiation from 500 W/m 2 to 800 W/m 2 with the same flat plate collector area causes the thermal efficiency rate for CeO 2 to increase from 86% to 87.3%.
CONCLUSION
In this study, a computational analysis of FPSC is implemented to investigate the influence of using five different nanofluids which includes Al 2 O 3 , CeO 2 , Cu, SiO 2 and TiO 2 for different VF's. Moreover, the influence of mass flow rate for heat transfer fluid (HTF) and solar radiation are also investigated.
We believe that this study is useful for the various thermal design applications. The following are the results of the study summarized below:
1-Al 2 O 3 nanofluid shows the highest heat transfer coefficient whereas Cu the smallest.
2. Cu nanofluid provides the highest outlet temperature followed by CeO 2 , TiO 2 , Al 2 O 3 and SiO 2 .
3. SiO 2 provides higher thermal efficiency enhancement by up to 10% compared to water at 0.02kg/s and VF of 2%. 
